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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paul Polalris, Ph.D., declare and say as follows: 

L I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and fortns 
part of this Declaration (Exhibit A). rorms 

2. I am currently employed by Gertentech, inc. where my job title is Staff 
Scientist Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a t primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. • \ ' 

3. Aspartoithe Tumor Antigen Project, my laboratory has been analyzing 
o^fferenhal expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower/Levels, on corresponding normal cells. We call such differentially expressed 
proteins 'tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
which hasproven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5^ From the mRNA and protein expression analyses described in paragraph 4 
above we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 
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expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relati ve 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma m molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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I, J. Christopher Grimaldi, declare and say as follows: 



♦ \ r 1 2™ a Seni ° r Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

t u }' • y 0 " 1 ^ 0611611 ^ in January of 1999. From 1999 to 2W3, 1 dkected me Cloning 
Laboratory m the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved, among other projects, in the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 

Z^^ C ° n T 10n W n? ^ above - identified Patent application, I personally performed or 
directed the qualitative PCR analyses in the assay entitled "Tumor Versus Normal Differential 
Tissue Expression Distribution" which is described in EXAMPLE 18 in the specification that 
were used to identify differences in gene expression between tumor tissue and their normal 
counterparts. 

an , f 3 ' My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

f^nd \ Chromosomal aberrations, such as gene amplification, and chromosomal 
translocations are important markers of specific types of cancer and lead to the aberrant 
expression of specific genes and their encoded polypeptides. Gene amplification is a process in 
wnicn specific regions of a chromosome are duplicated, thus creating multiple copies of certain 
genes that normally exist as a single copy. In addition, chromosomal translocations occur when 
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two different chromosomes break and are rejoined to each other chromosome resulting in a 
chimeric chromosome which displays a different expression pattern relative to the parent 
chromosomes. Amplification of certain genes such as Her2/Neu [Singleton et al., Pathol. Anmi . 
27Ptl: 165-190], or chromosomal translocations such as t(5;14), [Grimaldi et al Blood' 
.73(8):2081-2085(1989); Meeker et al., Blood, 76(2):285-289(1990)] give cancer cells I g^wth 
or survival advantage relative to normal cells, and might also provide a mechanism of tumor cell 
resistance to chemotherapy or radiotherapy. If the chromosomal aberration results in the aberrant 
expression of a mRNA and the corresponding gene product (the polypeptide), as they do in the 
aforementioned cases, then the gene product is a promising target for cancer therapy for 
example, by the therapeutic antibody approach. 

5. Those who work in this field are well aware that in the vast majority of cases 
when a gene is over-expressed, as evidenced by an increased production of mRNA the gene 
product or polypeptide will also be over-expressed. It is unlikely that one identifies' increased 
mRNA expression without associated increased, protein expression. Stated in another Way two 
cell samples which have differing mRNA concentrations for a specific gene are expected to have 
correspondingly different concentration of protein for that gene. Techniques used to detect 
mRNA, such as Northern Blotting, Differential Display, in situ hybridization, quantitative PCR, 
Taqman, and more recently Microarray technology all rely on the dogma that a change in mRNA 
will represent a similar change in protein. If this dogma did not hold true then these techniques 
would have little value and not be so widely used. The use of mRNA quantitation techniques 
have identified a seemingly endless number of genes which are differentially expressed in 
various tissues and these genes have subsequently been shown to have correspondingly similar 
changes in their protein levels. Thus, the detection of increased mRNA expression is expected to 
result in increased polypeptide expression. The detection of increased polypeptide expression 
can be used for cancer diagnosis and treatment. 

6. However, even in the rare case where the protein expression does not correlate with the 
mRNA expression, this still provides significant information useful for cancer diagnosis and 
treatment. For example, if over-expression of a gene product does not correlate with over- 
expression of mRNA in certain tumor types but does so in others, then identification of both gene 
expression and protein expression enables more accurate tumor classification and hence better 
determination of suitable therapy. In addition, absence of over-expression of the gene product in 
the presence of a particular over-expression of mRNA is crucial information for the practicing 
clinician. If a gene is over-expressed but the corresponding gene product is not significantly 
over-expressed, the clinician accordingly will decide not to treat a patient with agents that target 
that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made oh information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for tht 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI proje 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams/Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDL TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple projects aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff . 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AJDS-associated lymphomas, and cloning of t(5; 14), t(l 1; 14), and t(8- 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5 : 14) 
translocation in leukemia patients.. . 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E.coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes* We have stud- 
ied a case of B-fineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The 
chromosomal translocation t(5;14) <q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 

H/E Sau3A 
i 1 i 1 



kb 

23 - 
9 - 

6 - 
4 - 



N L 



N L 



fa 



3?i 



jagg? 



2.3- 



1.3- 



1.1- 



Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind \\\/EcoR\ and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eoslnophilia. 
o 1989 by Grune & Stratton, Inc. 

protooncogenes, such as o-myc and 6c/-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new 'genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q3l;q32) 
chromosomal translocation. 3,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter ' with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 /xg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
agarose gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods. 5 Approximately 100 «g of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 Irilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland). 7 All sequence 
. data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. 3,4 
The leukemic cells were analyzed for cell surface phenotype 
by irnmunofluorecence. They were positive for Bl (CD20), 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 8 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRi. Hindlll, Sstl, Sau3A, and EcoRl plus Hiruilll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;l4)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl, Hindlll/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. M2 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2), 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A). The break in the IgH gene occurred 2 bp upstream of 
the Jb4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted. 13 * 14 No sequences 
homologous to the immunoglobulin heptamer and nonamer 
could be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL.3 gene and the IgH gene. The sequence date clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q> 15 It has also been shown that 



GM-CSF maps within 9 kb of IL-3 in the same timscrip- 
tional orientation." Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene, more tetomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promotor of the IL-3 gene to the IgH gene. 
Except for the altered promotor, the IL-3 gene appeared 
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Fig 4. Diagram of the translocation. The normal chromosome 
6q31 Is shown with the GM-CSF gene tetomeric to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14}(q31 :q32| translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 ' 1 * This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the xrniyc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 



the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor.* 1 * 22 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 - 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of ILr-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia- 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 13 - 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 15 The 
interieukin-5 (IL-5) gene maps to chromosome 5q31* 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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gAPED COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 

Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5,i4)(q31;q32) translocation from B-tineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcU1 t tyabl, and omyc, that are located adjacent to the 
translocatiom u It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;l4) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

Samples and Southern blots. Case 1 has been described. 5 - 6 
Clinical features of Case 2 have been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoKl genomic IL-3 fragment, and an IL-3 
cDNA probe. 7 -' 

Northern blots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9/ig 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNA probed" 

Polymerase chain reaction. Primers were designed with item HI 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGG ATCXXJ ACGGTGACCAGGGT) , 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: S'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61*0 for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 fiL containing 67 mmoi/L 
Tris-HCI pH 8.8, 6.7 mmol/L MgCl 2 , 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the gene, 
resulting in autocrine and paracrine growth effects. 
© 1 990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Pcrkin-Elmer, Norwalk, CT). 13 

Sequencing. Sequencing wasdoneby cham termination in M13 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Srna I she at position 
- 1240 (with respect to the proposed site of transcription initiation) 
to an Nhe I site at position —642. The plasmid containing this region 
was a gift from Naoko Arai of the DN AX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the HindJIl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the potylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos 7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFI bioassay. TF-l cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 pL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-wcil microtiter 
plate. Rat anu-cytokine monoclonal antibody in a volume of 25 $iL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-l cells were added to each well, 
giving a final cell concentration of 1 x 10* cells per well (final 
volume, 100 pL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 



From the Division of Hematology/Oncology lllH, Department 
of Medicine, University of California and the Veterans Administra- 
tion Medical Center, San Francisco, CA; the Center for Molecular 
and Cellular Diagnostics, Department of Pathology and Cell 
Biology, University of New Mexico, Albuquerque, NM; the Division 
of Hematology/Oncology, Department of Medicine, West Virginia 
University, Morgantown, WV; and DNAX Research Institute, Palo 
Alto, CA. 

Submitted March 27, 1990; accepted April 19. 1990. 

Supported in part by the University of California Cancer Re- 
search Coordinating Committee and University of New Mexico 
Cancer Center funding from the state of New Mexico. The DNAX 
Research Institute ts supported by Schering-Plough. 

Address reprint requests to Timothy C. Meeker, MD, Division of 
Hematology/Oncology 1 1 Iff, Department of Medicine, University 
of California and the Veterans Administration Medical Center, 
4150 Clement St, San Francisco. CA 9412L 

© 1990 by The American Society of Hematology. 

0006-497 l/90/7602-O022$3.00/0 




286 



IfJbS 



Clone 



MEEKER ET AL 



+++++++4++4+++++4* ++++++++++ .+4 Hf4 4 > +4 4 . M .«4++ 

i 1 craaxcrrcxnxxcAAaa^^ 



j 'oaaaAOAOAocmTOJAAcxaATaAoa 



■nsssssassssBssa 



NWaCXTTaCACXTira 

kOCXXMAOCntWACXXnTTAQOTACQAiirCXH^ 

R0 1. Breakpoint sequences for Case 2. The germline IgJhB region sequence (protein coding region and re^hi^-^ • , ■ . 
sequences are underlined) is on top. the translocation sequence from Case 2 (PC* primer sequences and Z^Zh S,gnaI 
is In the middle, and the germfine IU3 sequence, which we derived from a normal IL* clone, ^e WW " 
sequence has the same nucleotide. The sequence documents the head-to-head Joining of the IL-3 and loH a^T^^u^L ^ . 
gene occurred at position -934 genes. The breakpoint in the IL-3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 "mn. w 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytoldne antibodies (10 jig/mL) to coat the wells of a PVC 
mictotitcr plate. The capture antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
dUutcd 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunorcagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NlP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'aano-bis-benzthiazoIine sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindUI restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes, a rearranged 14 kb 



fragment, emigrating with the rearranged Jh fragment, was 
identu^exL Whea leukemic DNA was digested with HindUI 
plus EcoRl a rearranged Jh fragment was detected at 6 kb 
The IL-3 probes also identified a comigrating fragment of 
this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
untamed both Jh and IL-3 sequences, suggesting a tragic- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobuUn heavy chain (IgH) gene, the polymerase 
chaw reaction (PCR) was used to clone the translocation » 
A Jh pnmer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promotor of 
the IL-3 gene in a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo-' 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between the chromosome 5 and chromosome 14 
sequences during the translocation event 17 " Figure 2 shows 
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Fig* Relationship of chromosome 5 breakpoints to the IL~3 gene. This figure shows the two dnnnw . ^_ , 

the normal IL-3 gone.- On. breakpoint ocSnred at position -462 and the other at ^Tnlsl^^lZ™ " ^ *° 
translocations resulted In a head-to-head Joining of the IgH gene and the U gene, leaving the inRNA and protein c^oln^ro^^o^ i^ 
gene Intact. Boxes denote the five H.-3 exons: restriction enzymes are (B) BamHl. <P) Pstl (H) Hps I {E|£^a^Tt)Rho I 
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without the tS14) translocation. Indicating that only the sample with the translocation exhibited tt^3 over-expression. Case 2 could not bo 
analyzed by Northern Wot because too few ceiis were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the S V40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19 ' 20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
I). Serum IL3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-l bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-1 6-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti-IL-5 or anti-GM-CSF was consistent with the 
inability to measure these factors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 



Sample Date 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells//xL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL) 








IL-3 


' <444 


7.995 


1,051 


GM-CSF 


<16 


<15 


<16 


IL-5 


<60 


<60 


<60 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to tower 
his leukemic burden.* No serum samples were available for a similar 
analysis of Case 1, 

Abbreviation: WBC, white blood cells. 
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Fig 4. Bioassay of serum H.-3. Leukemic patient sera were tested for bioactivo IL-3 and IL-6 in the TF-1 proliferation assay. The 
reciprocal of the dilution Is indicated on the horizontal axis and the optical density indicating the amount of proliferation is indicated on the 
vertical axis. Serum from all three time points was assayed simultaneously. The assay was rendered monospecific by using a 1 |ig/mL final 
concentration of monoclonal rat antML~3. BVD3-6G8 (■). or antMt-5, JES1-39D10 (▲); □ indicates no MoAb. On 1 / 16/84 and 3/14/84, 
inhibition of proliferation was evident in the presence of anti-IL-3 antibody, documenting serum levels of IL-3 on those days. Serum IL-5 
was not detected in this assay, as antML-6 did not alter TF-1 proliferation. 



indicated that these other myeloid growth factors were not 
detectabiy circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true. 
In addition, neither GM^-CSF nor IL-5 are over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 21 The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on* the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived ILr3, similar interventions 
may improve this aspect of the disease. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (H£ft-2/nea) Oncogene 

Timothy P, Singleton and John G. Strickler 



The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, 79 who reported that c-eriB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfcBrE activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-eriB-2 activation, which has not been emphasized in 
recent reviews, a7 « 38 ffi The molecular biology of the c-erfoB-2 oncogene has been 
extensively reviewed 37 - 88 ' 55 and will be discussed only briefly here. 



BACKGROUND 

The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 6 - 73 H 78 The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B, 33 ' 49 ' 76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erfcB. w When the DNA sequences were determined subse- 
quently, c-eriB-2, and neu were found to represent the same gene. 
Recently, the c-erfcB-2 oncogene also has been referred to as NGL. 

The c-erfoB-2 DNA is located on human chromosome 17q21 w - M * fl and codes 
for mRNA (4,6 kb), which translates c-er&B-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. Hie 
oncogene is homologous with, but not identical to, c-*rfeB-l, which is located 
on chromosome 7 and codes for the epidermal growth fector receptor. The o- 
er&B-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase actiyity and an extracellular binding domain^ 106 Electron microscopy 
with a polyclonal antibody detects, c-crfcB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane. 61 In normal cells, im munohis tochemical reactivity for o-erfeB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 

There is experimental evidence that c^rfcB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
eriB-2 protein can transform a cell line into a malignant phenotype.* 5 Also, 
when the neu oncogene containing an activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 ' 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line, 2 *-* 8 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line. 14 , Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 65 Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c+erbB-2 activa- 
tion m both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-eriB-2 activation 
at multiple sites in the same patient, immw* although c-«rbB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 57 ' 09107 
Even more rarely, c-erbB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
tion, but only a few such cases have been studied. 11 

MECHANISMS OF c-er*B^2 ACTIVATION 

The most common mechanism of c-erbBr2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfeB-2 mRNA and 
protein, 17 - a4 » 65 « ai The c-erfeB-2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-«r6B-2 amplification contain 2 to 40 times more c-erfrB-2 DNA 4 * 3 and 4 to 
128 times more c-erfcB-2 mRNA 34 * 90 than found in normal tissue. Most human 
breast carcinomas with c-erfeB-2 amplification have 2 to 15 times more c-erfcB-2 
DNA. Tumors with greater amplification tend to have greater overproduc- 
tion, ^s^ 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erbB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oerAB-2 activation is overproduc- 
tion of <H*rfeB-2 mRNA and protein without amplification of c-erfiB-2 DNA, 81 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in noitnalireast -or other 
. tissues. The c-erfcB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines** 7 

Other rare mechanisms of c-erfcB-2 activation have been reported. Translo- 
cations involving the c-6r6B-2 gene have been described in a few mammary and 
{ gastric carcinomas, although some reported cases may represent restriction 

fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocations. 31 - 65 ' 7 *^ 60 ' 108 A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea^ 85 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. 10 Although there has been specula- 
tion that some of the amplified oerbB-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. W 
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TECHNIQUES FOR DETECTING ACTIVATION 
Detection of c-ert>B-2 DNA Amplification 

Amplification of c-erbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfeB-2 DNA probe. In both tech- 
i niques, c-erfcB-2 amplification is quantified by comparing the intensity (mea- 

sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-crfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
1 .... graded or diluted by DNA from stromal cells, 81 Second, the c-erbB-2 DNA 

probe must be carefully chosen and labeled. For example, oligonucleotide c- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-erAB- 
[ 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; lished data), Third, the total amounts of DNA in the sample and control tissue 

must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfeB-2 t to correct for possible alterations in chromosome number. Identical 
. results, however, are obtained by using control probes to genes on other chro- 

! mosomes, 86580 with rare exception. IT Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 

deleted occasionally In breast carcinomas. 3 \ 

Amplification of c-erfeB-2 DNA was assessed by using the polymerase > 

chain reaction (PGR) in one recent study. 32 Oligoprimers for the gene 1 

and a control gene are added to the sample's DNA, and PCR is performed. If \ 
flie sample wnt^i more copies of c-^f^-2^NA-l han o f the control -generdig- -— 

c-er£B-2 DNA is replicated preferentially. .a 
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Detection of c-erbB-2 mRNA Overproduction h 

Overproduction of c-erfeB-2 mRNA usually is measured by RNA dot blot or j 
Northern blot hybridization, IJoth techniques require extraction of RNA but \ 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c-erfcB-2 mRNA has been described in two recent * 
abstracts. 88 " 102 -i 

Overproduction of mRNA can be measured by in situ hybridiza- 

tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-£r6B-2 mRNA- Negative control probes are 
used. 65.*uo6 Our experience indicates that these techniques are relatively insensi- 
t , tive for detecting c-erfcB-2 mRNA overproduction in routinely processed tis-r | 

I % sue. Although the sensitivity may be increased by modifications that allow | 

• | ''■ . . simultaneous detection of c-er&B-2 DNA and mRNA, in situ hybridization still f 

ij is cumbersome and expensive (unpublished data). |- 

All of the above c-er&B-2 mRNA detection techniques have several prob- % ■ 

lems that make them more difficult to perform than techniques for detecting |^ 
\\ . DNA amplification. One major problem is the rapid degradation of RNA in I 

• y \ tissue that is not immediately frozen or fixed. In addition, during the detection f • \ 
\ ? I procedure, RNA am be degraded by RNase', a ubiquitous enzyme, which must | ! • 

h 1 be eliminated meticulously from laboratory solutions. Third, control probes to *| \ 

\ 3 ; genes that are uniformly expressed in the tissue of interest need to be carefully § \ 

; ; 4.: selected. | } 

% : 

Detection of o-erfaB-2 Protein Overproduction 

The most accurate methods for detecting c-^rfcB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erfcB-2 protein. In $ t i 
Western blot studies, protein is extracted from the tissue, separated by electro- § 
V ■ phoresis (according to size), transferred to a membrane, and detected by using an- 

I I tibodies to c-erfcB-2. In immunoprecipitation studies, antibodies against c-erfcB- 

■ ; ■ j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | - 

: [j : separated by gel electrophoresis and stained for protein. Both Western blot and 

immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Two recent abstracts have described an enzyme-linked | j 

immunosorbent assay (ELIS A) for detection of c-erbB-2 protein. k 
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Overproduction of o-«rfeB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erbB-2 
-protein - ban^xra-W 
studies should be interpreted With caution.*^ 3 * 47 * 61 Elven some monoclonal anti- 
bodies immunopretipitate protein bands in addition to c-erfcB-2 (pl85), awM8 
Second, tissue fixation contributes to variability between studies. Fbr example, 
. some antibodies detect oerfcB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases die number of reactive cells. 81 * 86 
When Bouin's fixative is used, there may be a higher percentage of positive 
cases, 12 Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for oerfcB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erfcB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfeB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 64 



ACTIVATION OF c«ert>B-2 IN BREAST LESIONS i 
Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA^ was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Bible 1), and 
e-€r&B-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
erbB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erfcB^2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-er6B-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oeriB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Pagets disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfeB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular Carcinoma (7 percent, 1 of 15). 

Hie c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The raicropapillary type of ductal carcinoma in situ also tends to have 
activation, 4054 * 68 especially if larger cells are present. The greater fre- 
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queacy of c-erfcB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er&B-2 activation infrequently. Others have speculated 
that carcinoma in situ with oerfcB-2 activation tends to regress or to lose c- 
erif B-2 activation during progression to invasion. 4 * 6 ** 2 Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to o- 
eriB-2 activation, 11 * 39 although some authors have noted more heterogeneity of 
the immuriohistbchemical staining pattern in invasive than in in situ carci- 
noma*' 48 . 88 Activation of is infrequent in lobular carcinoma in situ, If 

lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends; to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma in situ. 42 * 54 * 68 Overproduction of c- 
•erfcB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 68 

Activation of c-erfcB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfeB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39 ^ In normal breast tissue, c-erfcB-2 DNA is 
diploid, and c-erfcB-2 is expressed at lower levels than in activated tumors. 34 ^ 65 * 88 
These preliminary data suggest that o-erbB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. Tor 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-crfoB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-eriB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erfcB-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. c-eroB-2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS 





c-erbB-2 DNA 


c-eroB-2 rrtRNA 


c-ernB-2 Protein 


Histological Diagnosis 


Amplification' 1 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1 0 33 




0/32» 0/9, M 0/8« 


Atypical ductal hyperplasia 






2(weak)/21* 
I(cytoplasmlo)/13» 


Benign ductal hyperplasia 






0/12" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16,* 0/6" 
0/2," 0/1* 1 


0/6 ,* 0/3« 


0/21 *> 0/10" 
0/8»0/3« 


Radial scars 






0/22*> 


Blunt dud adenosis 






0/14 38 


"Breast mastosls" 




0/3* . 1 





•Shown aa number of cases with activatton/number ol cases studied; reference Is given as a superscript. 
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c-erfcB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of o-er6B-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-erfcB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of oerbEri was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of IT series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c^rbB-2 activation. 6 - 7 

Correlation of c-erbB-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-erbft-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of oer6B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erbB-2 activation, and, in the rest of the reports, c- 
erbB-2 activation was associated with either younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et al™» ai first showed that amplification of the oerfcB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-^rtB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erfcB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis.™- 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis CTable 5). In 12 series, there was a correlation be- 
tween c-erfcB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-eriB-2 activation was reported to be 
independent of other prognostic factors. In contrast, 18 series did not confirm 
the correlation of c-crfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-eriB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Tkble 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-eriB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erbB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5. CORRELATION OF C-erbB-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 



Type of 



With 
Metastases to 



m 


c-erbB-2 

/wiiiailUir 


f OiSF 


AxBtory . Wo 

f uMnIi Milium <ij.*nj f 

Iffupn NOOQ3 meraSiSSffl 


Statistical 
Analysis 0 


Reference 


<0.05 


DNA 


176 




M 


67 


<0.06 


DNA 


61 




U 


60 


<0.05 


DNA 


57 


■ 


U 


65 


<0.05 


DNA 


41 




u 


93 


<0,05 


mRNA 


€2 




u 


65 


<0.05 


Protein 


102 




M 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


U 


87 


<0.O5 


ONA 




66 


M 


79 


<0.05 


Protein- WB 




350 


M 


85 


<0.05 


Protein 




62 44 


U 


101 


6.05-0.15 


DNA 


67 




U 


111 


0.05-0,15 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


U 


86 


>0.15 


DNA 


130 




U 


113 


>0,15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


67 




u 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0.15 


Protein 




137 


u 


17 


>0,15 


DNA 




181 


M 


81 


>0.15 


DNA 




159 


U 


17 


>0,15 


DNA 




73 


U 


87 


>0.15 


Protelrv-WB 




378 


U 


85 


>0.15 


ProteirvWB 




192 


u 


17 


>0,15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



■The endpointa of these studies were tumor recurrence or decreased survive] or both. Correlation between c- 
eroB-Z activation and a poorer patient outcome Is statistically significant at <0.05, te of equivocal significance 
at 0,05 to 0.16, and Is not algnlficant at >0',16. 

"Shown as variable measured. Letters "WB n Indicate assay by Western blot; the other protein studies used 
ImmurroWstochernlcal methods. 

C M - multivariate statistical analysis; U «' untvariale statistical analysis. 
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% of tumors with 
lymph node 
metastasis In 
each study 



70- 



60- 



50- 



40- 



71 (DNA)» 



61 (DNAy» 

69 (DNA) 67 
58 (Protein)" 1 



04(DNA)m 



42(Pfotein)a2 



+ 



P<0.05 



+ 



O05<P<0.16 



64(mRNA)*> 
61(DNA)< 



58(DNA)« 

57(DNA)<« 

55(PfOte!njw 

48(Protein)" 
46(Proleln)« 



p>o:i6 



P for correlation of corb&z aetrvafion with patient outcome. "~ . 

are the types of oert>B-2 activation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-erfcB~2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect ofc- 
eriB-2 activation in ductal tumors. In addition, most studies do not analyze 
iitfamraatory breast carcinoma separately, this condition frequently shows c- 
erfrB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-eri/B-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TVo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-«r&B-2 overexpression predicted early 
recurrence, nm \ n patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-er&B-2 activation, 40 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c^rfoB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between cserfeB-2 ectiva- 
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tioa and poor patient outcome measure DNA amplification (Table 5) 

and breast carcinoma patients with greater amplification of c-erfcB-2 may have 
poorer survival.™ " Recent studies suggest that amplification has more prognos- 
tic power than overproduction,™.* Dut the clinical significance of c-ariB-2 
overproduction without DNA amplification deserves further research."* Few 
studies have attempted to correlate patlent outawne w ith c-et&B ^-mRNA 
overproduction, and many studies of c-erfcB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistocheroical studies with poly- 
clonal antibodies. • 

Comparison of c-eroB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications in human breast cancer 
are reviewed elsewhere This section will be restricted to a comparison 
between the clinical relevance of c-er*B-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-erbB-2 activation. UM.Ti.fnsa 
One study found a correlation between increased mRNAs of c-er/>B-2 and c- 
myc, although other reports have not confirmed this.*-** Subsequent research 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erftB-2. 

The gene c-er&B-l for the epidermal growth factor receptor (EGFR) is 
homologous with c«r6B-2 but is infrequently amplified in breast carcinomas » 
Overproduction of EGFR, however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
erfcB-2 and EGFR in the same tumor, c-erfcB-2 has a stronger correlation with 
poor prognostic factors.*-** Studies have tended to show no correlation between 
amplification of c-er&B-2 and c-er&B-l or overproduction of c-erfcB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of c-eriB-2 
protein.swwB.io9 Recent reviews describe EGFR in breast carcinoma.**."*) 

The genes c-er&A and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to c-erfcB-2 on chromosome 17. These genes 
are frequently coamplified with c-erfeB-2 in breast carcinomas. The absence of 
c-erbA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. 40 Amplification of c-erfeB-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erbB-2 and ear-1 amplification." Consequently, 
c-er*B-2 amplification seems to be more important than amplification of oerfcA 
or ecr-1. 

Other genes also have been compared with c-er6B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erhB- 
2 nvRNA and increased mRNAs of fos, platelet-derived growth factor chain A, 
and Ki-ras."* Allelic deletion of c-Ha-ros may indicate a poorer prognosis in 
breast carcinoma," but it has not been compared with c-er*B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes."."* 
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ACTIVATION OF o-erf>B-2 IN NON-MAMMARY TISSUES 

Incidence of c-ertB-2 Activation in Non-Mammary Tissue* 

Table 7 summarizes the normal tissues In which c-erfcB-2 expression has been 
detected, usually with hnmunohistochemical methods using polyclonal anti- 



TASLG 7, PRESENCE OR ABSENCE OF c*rf>B-2 mRNA OR c-e/tB^ PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Tissues Producing 
e-erfrB-2 Protein 4 



Tissues Lacking 
c-erbB-2 mRNA 



Tissues Lacking 
o-e/*B-2 Protein 



Skin" 



Stomach 2 * 

Jejunum* 

Colon" 

Kidney" 



Uver* 



Lung* 



Fetal brain 2 * 

Thyroid 1 
Uterus* 



Placenta 24 



Epidermis* 
External root sheath 66 
Eccrine sweat gland 56 

Fetal oral mucosa 62 
Fetal esophagus 62 
Stomach 22 * 6 * 
Fetal Intestine 62 * 

Smaftlntestlne 22 * 2 
Coton 22 * 2 
Fetal kidneys- 
Fetal proximal tubule 62 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis* 2 
Fetal ureter 62 

Hepatpcytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 ** 
Endocrine ceils of Islets 
of Langerhans* 2 

Fetal trachea 62 
Fetal bronchioles 82 
Bronchioles* 8 



Fetal ganglion cells 62 



Kidneys'* 



Ovary 12 

Blood vessels 42 



Postnatal oral mucosa 62 
Postnatal esophagus 62 



Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Liver 62 * 6 



Pancreatic Islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal afveoll*** 
Postnatal brain 62 
Postnatal ganglion cells 82 



Endothelium 62 

Adrenocortical cells 62 
Postnatal thymus 62 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiac muscle cells 62 



•Thte protein study used Western blots; the rest used ImmunohtetochemteaJ methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. Production of c-er&B-2 has been identified in normal 
.qgfeeHSm fif the gastrointestinal tract and. skin. JMscrepancies legating c- 
erbB-2 protein in other tissues could be due, at feast in part, to differences in 
techniques. 

The data on c-eriB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by fanmunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
been documented for c-erfeB-2. • 

Activation of c-eroB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies fable 8). One abstract* stated that ovarian 
carcinomas contained significantly more c-oriB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had c-erfcB-2 overproduction without amplification. 

Activation of c-erfeB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 

TABLE 8. c-ernB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 







c«er6B-2 


c-e/oB-2 






mRNA 


Protein 


Tumor Type 


oerbB-2 DMA 


Over- 


Over- 


Amplification 


production 


production 


Ovary — carcinoma, not otherwise 


31/120 « 1/11 w 


23/67*1 


23/73* 


specified 


0/5/^0/6," 0/3,»* 


36/72« 




0/2 * 0/11W 






Ovary— serous (papillary) carcinoma 


2/7,11° \/ju2 o/6* 






Ovary — endometrioid carcinoma 


0/3H0 




• 


Ovary— mucinous carcinoma 


1/2, 1 " 0/1* 






Ovary— clear cell carcinoma 


0/2,11* 0/1 72 






Ovary— mixed epithelial carcinoma 


0/2 72 






Ovary— endometrioid borderline tumor 


0/1* 






Ovan/— mucinous borderline tumor 


0/3* 






Ovary— serous cystadenoma 


0/4* 






Ovary— mucinous cystadenoma 


0/2* 






Ovary— sclerosing stromal tumor 


0/1* 






Ovary— fibrothecoma 


0/1* 






Uterus— endometrial adenocarcinoma 


0/4 « 0/1 no 







-Shown as number ot cases with amplification (or Qverproduction)Aotal number of case* studied; reference is 
Given as superscript All protein studies used tmmur\oWstoctemlca! methods. 
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intestinal or tabular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
jubtypes CJWble 9). Activation of c-erfeB-2 has bee* detected in 2pen*nt (6 of 
281) of colorectal carcinomas, although an additional immundhistochemical 
study detected <«r6B-2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater immunohistochemical reactivity for o-eriB-2 

using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
er*B-2 protein « Hepatocellular carcinomas (12 of 14 cases) and choriocarci- 
nomas (46 63 cases) reacted with antibodies against c-«r£B-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 



TABLE 9, c-erbB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS* 



Tumor Type 



c-erfrB*2DNA 
Amplification 



c-ertB-2 
Protein 
Over- 
production 



Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach — adenocarcinoma 

Stomach—cardnorna, intestinal or tubular type 
Stomach— carcinoma, diffuse or signet ring cell type 
Colore ctum — carcinoma 



0/1 

2/24 « 2/9. 1fl7 2/8,*n 
2/8^0/liw 

5/l0<" 

2/49 « 1/45 »' 
1/45,^ 1/45 « 
0/40 « 0/32, ^ 0/3«* 

Q/160 

0/5 60 
0j7« 
0/ieo 



0/ 12 tit 
0/1* 



0/1" 

4/27 » 3/10« 

16/54» 
4/45® 

1/22, 68 7/B 226 



Colon— villous adenoma 
Colorv-^utovillous adenoma 
Colon — tubular kdenoma 
Colon— hyperplastic polyp 
Intestine— leiomyosarcoma 
Hepatocellular carcinoma 
Hepatoblastoma 
Cholangiocarclnoma 
Pancreas— aderK>carcinoma 
Pancreas — acinar carcinoma 
Pancreas— dear cell carcinoma 
Pancreas— large cell carcinoma . 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 

•Shown as number of cases with amplification (or overproducUonytotal number ol cases studied; reference Is 
I mfl^^ Pr0tein U8€d ,mmwohfe ^^ rnethods. No studies analyzed to 

^Tfesues fixed In Bouin's soKrton. 

'Only cases with distinct membrane staining are Interpreted as showing c-er*fra ovemroduction. 



19/10** 
0/1« 

12/14 «0/2« 

46/63« 

Z/BO^U/2* 

0/1 

G/2* 

0/3« 

0/1 

0/14**? 



X£/Utf/4UU0 LC.JLi tAA 010 2U0 t>M 



8 



1NKU 6 




tflOlS 



182 T.P. SINGLETON AND J.Q. STRICKLEH 



TABLE 10. C-ggB-2 ACTIVATION IN HUMAN PULMONARY TUMORS' 



Tumor Typo 


o*f*B*DNA 
Amplification 


*erf>B-2 
Protein 
Overproduction 


Non-small cell carcinoma 
Epidermoid carcinoma 
Adtenocarcfnoma 
Urge <*ll carcinoma 
Small cefl carcinoma 
Carcfnbid tumor 


2/60,*0/60»i 

0/21 « 1/13 » (V7 t iii Qtfw o/3<or 
0/9 « 0/6^ 

0/1 « 


1/84® 

4/12» 

0/26,** Q/3» 
0/3* 



does not indicate c^rfcB-2 activation in breast neoplasms « Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for oerbV-l protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining" 

Tables K> through 14 summarize the studies ofW&B-2 activation in other 
neopl^ms. The oncogene is not activated in most of these tumors: 

Activation of c-er6B-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report* 
lound c^r6B-2 protein overproduction in 41 percent {7 of 17). Renal cefl carci- 
noma had chw*B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion ol c-crfeB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion « Squamous cell carcinoma and basal 
celi carcinoma of the skin may contain protein, but it is not clear 

TABLE 11. c-ertoB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



Tumor Type 

Hematologic malignancies 
Malignant lymphoma 
Acute leukemia 
Acute lymphoblastic leukemia 
Acute myeloblasts leukemia 
Chronic leukemia 
Chronic lymphocytic leukemia 
Chronic myelogenous leukemia 
Myeloproliferative disorder 



c*r6B«2DNA 
Amplification 

0/1 A* 7 
0/1 w 
G/3W 

0/18*7 
0/B«V 



mRNA 
Over- 
production 

0/1 * 



Protein 
Over- 
production 

0/15" 



\ : 



0/1* 

^^ZZ^^ZTJT^J^ crrorprrtucfionytota. number ol ca** «udled ; „ 
Owen as superscript All protein studies used knmunottfstochemlcal methods. 
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TABLE 12. frerbBj ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AMD BONE 1 



*er*fi-2DNA 
Tumor Type Amplification 



Sarcoma 0/10,™ o/8 w 
Malignant fibrou s histioc ytoma 0/1 i w 

Uposarcoma 0/3107 

Pleomorphic earcoma on 107 

Rhabdomyosarcoma Q/1 tor 

Osteogenic sarcoma 0/2, 107 0/2^ 

Chondrosarcoma o/1 107 

Ewintfs sarcoma 0/1 67 

Schwannoma q/1 57 



■Shown es number of cases with amplification (oroverprodudlonytotal number of cases studied; reference Is 
given as superscript No studies analyzed for c-ertB* mRNAor oerf>B-2 protein. 



whether the protein level is increased over that of normal skin.* Thyroid 
carcinomas and adenomas can have low levels of increased c-er&B-2 mRNA 
One abstract described low-level <ser6B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas. 48 

Correlation off c-erftB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfaB-2 activation in non- 
mammary tumors with outcome. Slamon et al fll showed that c-erbB-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present; However, they did not report the 
stage, histological grade; or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade One abstract stated thatc-erfcB-2 protein overpro- 
duction in 10 of 16 pulmonary adenoaircmornas correlated with decreased 
disease-free interval.™ Another abstract described a tendency for inuriunohisto- 

TABLE 13, c-erfcB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY T RACT 8 

c-erbB-2 c-erb8-2 
mRNA Protein 
oerbB-2 DMA Over* Over- 



Tumor Type Amplification production 



production 



Kidney— renal cell carcinoma 1/6,67 i/4 ( w7 n/5w o/16«* — 

Wilms* tumor 0/457 

Prostate— adenocarcinoma — _J 0 /23sa 

Urinary bladder— carcinom a — — 1/48 s8 

«3nown as number of casea with amplification (or overpnxiuollofl)Aotal number of cases studied; reference ts 
0«ven as superscript. Afl protein studies used ImmunortetochemfcaJ methods, . 
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Tumor Type 

angnantjnelanL. „ 
Skin, head and neck — squamous 
cell carcinoma 

Site not stated— -squamous cell 
carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
Thyrolch— adenoma 
Neuroblastoma 
Meningioma 



DMA 

Amp lification 

0/8" 0/2 7 * 
1/1* 



0/V 

0/1W 
0/2* 

0/35 « 0/9,^0/176 
0/2* 



c-eroB-2 mRNA 
Overproduction 



o-erfcB* 
Protein 
Over 
production 

TJ/10* 



0/1*' 



0/11 

3{low tevels)/5i 
1(lowtevels)/2^ 



"^L 0 ^ 08 ^ ampltflcatlon (or overproductionytoial number of cases studied- reference fe 
fliven as superscript Afl protein studies used lmmur«^tocr«mtoal methods. 

chemical reactivity for oer&B-2 protein to correlate with higher grades of pros- 
tabc adenocarcinoma." Additional prognostic studies of ovarian carcinomas arid 
other neoplasms are needed. 



SUMMARY 



Activation of the oerbh* oncogene can occur by amplification of c-er*B-2 

«2 1 a on y ° Ve ^ n S UCtion 0f *"* M mRNA and protein. Approxi- 

mately 20 percent of breast carcinomas show evidence of c-er&B~2 activation 
which correlates with a poor prognosis primarily in patients with metastasis to 
apiary lymph nodes. Studies that have attempted to correlate c^r&B-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions The pathologic and clinical significance of c-erfcB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies 
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Sir " ■ ■ ' ■ 

, . - L Audrey D. Goddard, PkD. do: hereby declare and say as follows: 

1. I am a Senior Clinical Scientist at me Expermiental Medicine/BibOncoli 
Affairs Department of Genentech, Inc., South San Francisco, California 94Q80. 

2. Between 1993 and 200 1,1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, anddeternmiation 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A); 



4. I am fomiliar with a variety of technique known in the art for detecting and 
quantifying tile amplification of oncogenes in cancer, including die quantitative TaqMan PCR (ie., 
"gene amplification") assay described in die above captioned patent applied 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et aL. Biotechnology 10^413-417 (1992) (Exhibit B); Livak et aL VCBL 
Methods AppL 4:357-362 (1995) (Exhibit C>and Heid et IdL.. Genome Res. 6:986-994(1996) 
(Exhibit D). Briefly, die assay is based on the principle that successful PCR yields a fluorescent \ 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring die 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result 
leads to aixurate detennination of gene copy number . 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successftdly used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been kudied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et aL y Proa 
Natl. Acad Sci USA 95(25):l4717-14722 <1998) (Exiiibit E); Pitti et < Natnre 
396(6712):699-703 (1998) (Exhibit F) and Bieche et aL Int. J. Cancer 78 :66 1 -666 (1998) (Exhibit 
<3), the first two of which I am co-author In particular, Pennica et dl have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al. studied the genomic amplification of a d6coy 
receptor for Fas ligahd in lung and colon cancer, using the quantitative TaqMan PCR assay, Bieche 
et al: used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative Tao^fan PCR technique is 
technically sensitive enough ^detect at least a 2^ 

controV It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal fte, non^tumpr) sample is sigmficant and 
useful in that the detected increase in gene copy number in the tumpr sample relative to me normal 
sample serves as a basis for using relative gene copy number as quantised by me TaqMan PCR 
technique as adiagnostic^ marker for mepresence or absence of tumor ina tissue sample of unknown 
pathology. Accordingly, a gene identified as bemg amplified at least 2-fold by the quantitative 

TaqMan PCR assa y in a tumor "M* relative to a normal sample is useful as a marker for me 

diagn^osisofcan^r.formomto^ 

thetiaipy. . . -y: -' . 

: 8. I declare further that all StatemenWmade herein of my Own knowledge are true and 
mat aU statements made on information and behef are believed to be true. I declare that these 
statements were 



so made are 

punishable by fine or imprisonment, or both; under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the vaUdity of the application or any 
patent issumg thereon. , 
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. South San Francisco, CA, 94080 415.841.9154 

650.225.6429 415.819.2247 (mobile) 

goddarda@gene.com agoddard@pacbell.net 

PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 -present Senior Clinical Scientist 

Experimental Medicine / BioOncOlogy, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Intsrssts* 

• Ethical and legal implications of experiments with clinical specimens and data 
> Application of pharmacogenomics in clinical trials 

1998- 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 

Responsibilities: • ' , „ ., 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate anc i research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting * 350+ person research facility, 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 
Candidate gene prediction and evaluation 
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1993 -1998 Scientist 

Head of the DNA Sequencing Laboratory, Motecuiar Biology Department, Research ; 
Responsibilities 

• DNA sequencing core facility supporting a 35(7+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, djaiabase design 

• High i throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification: 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: • .*'••' 

• Genomic sequence scanning for new gene discovery. 
Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children (with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia • 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney • ■ 

5/83 - 8/83: NSERQ Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J acid DBA mice 
EDUCATION 

University of Toronto 

Toronto, Ontario, Canada. 1989 
Department of Medical 
Biophysics. 

Honours B.Sc McMaster University, 

"The in vitro metabolism of the cytochrome P-448 Hamilton,.Ontario, Canada. 1983 
inducer p-naphthoflavone in C57BL/6J mice." Department of Biochemistry 
Supervisor: Dr. G. D. Sweeney 



Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma genie." 
Supervisor: Dr. R. A. Phillips 
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Imperial Cancer Research Fund Postdoctoral Fellowship 1 989-1 992 

Medical Research Council Studentship 1983-1986 

NSERC Undergraduate Summer Research Award 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Harry Lyman Hooker Scholarship 1981-1983 

j.LW. Gilt Scholarship 1981-1982 

Business and Professional Women's Club Scholarship 1980-1981 

Wyerhauser Foundation Scholarship . 1979-1980 



INVITED PRESENTATIONS , \ 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes, functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology t Marco Island, FL/USA February 

.2000- ■ • ■ . . 

Quality contrbl in DNA Sequencing: The use of Phred and Phrap, Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations, in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent-- 
Jun. 25, 2002. ^ ' 

Botstein DA, Cohen RL, Goddard AD, Gumey AL, Hillan KJ, Lawrence DA, Levine AJ, 
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Patent: April 16, 2002. 
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Number: 6,350,450. Date of Patent: Feb. 26, 2002. 
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to 



> ayes us^spa^ 

- - xpiericJier j4yes f ; ideate 
,i^^^$^ t .p^^p: 61 st^cturfc 

4 " ^ "i&;£fcd pux^r ^f the : 



0f h^fidization, wh&h depends oh 
. probe/ *j^no^ stiuet 

tute in probe of traiplitfe, a^alihg 



, bound probe between tifte rejtorier and 
4$iie#&^^ is depend 

bet 

tweer* ^o^^ditej^p^as stiown i>y 
the observation tfiit v mts matdi£$ lit tHe A 



dy& drastically reduce ; *he cleavage of 
probed 

tiie dse in R€t" valuer for the Alse- 

: ^tee 'ol ;^€dbt^|f^ >^idaL^-: 
ttfiat as t^e queri^er U placed toward 
the 3' endv I&V^ 
ihg 1$ observed far prpife^l^ ^ee 
3> szitfter thai*:; fo^ -tbe ^fobe where -the 

^deast^d|abT?> as tbe confo^atipn of 
tft£s r end position woiild;be exp^ed to 



of ah; irii^^j^o^^ -^j^^ 



piob^;^ 

ft less *.^j^;ifci<j&)0i^ shbW5tlie 
^e, 

pi^e^ha^^^ the in^ 

• : ;3£-p^be is ; le&*than for the internally 
labeled probe: Another factor that may 

;fitat pti$y ^e^ the: V^Lt&i Al. 
tfaQUgh Ml probes are HPLG purified, a 

^h^eliicii^ .jE^jrt^'^iiu^eil^e ef- 

^^oii^h l^^re wy be a modest e£ 

J feet jail : -itf^^^e:; 'i^T^i&n^il^i^yhs .4P^sir 
■ tibn o£^ <ari; 
tfkve i Urge effect oh eflfee^cy of 



'^tfcgrVfcd ^& : pi<S>e ^^^&eie^ pla£e- 



i a^tb 4x^p^?ei?i ifciftfre/^, Pl^Md PS 

3 Ji^AMlU p^bbe^^rt^ared with thje; iifr 
^ej^^^fe^^ 

-V^Sjfe : ^$e^^S^w^^ *and: 
i oiuj^e^an^ prober «wi^t fi^ERA 




p^tef '^oite^e^ 



;"pjh>be/^';iieaV^ : 

'«et^d^^n^ 

.to 





x^portex ^ Md ^eftcfter> tfefel^^ife-; 

jiirt j^Jhe^ ^ck^^^ ^^b^^e- . 

dyjes on ^ oppo^ epds, 
• ■ placing ^tfie 

,pre^^'p^'^a{g|^p^^ 
ii&e#at^ 



wi^^te^lj^^t^ 
disruptive^ 
plac^^eo^j^ 
pro^i^3¥quen 

We:^ojoab^ti^ii^f^^i^^ 



tvyeen rpHUtyt and \^get 
Wift tojej^^ 

erance of ralsmat<^e> <^ri - { fae' ^yanter 
•gfOtis # ..as'^ell' : '-b^g># use -ai jingle 

nealing ^rqpielrat^ie ^'-^^^'^a^h 
cpndltiqns. 1% bne appy^tldn: wbere 



vapta|i is jfor atleUc dfcofia^j^ji^^ 
; Pt »i <» rf0Tnv*« ^Jbtat j^ele-spe^c 



were 
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( ; -ig^^tdoir -.was v ja^;.tp «- .^6*^ tfiat 

fluorescence Wtehsity, :^^xi|gH> # ; cb^fi 



bridtotion has occiurrW dr ^dt ^usy t 
/quetic^ 

ihoiiid sfeo :t>e tisefcd -ar ^SdL^ttciist 



isteleticsv $so, this type of prdhe iftMng , , 




piobe^uence to form two top^rfegt , 

4^^qifeafe &a*ib:e simple ^tipa 6f 
a Tepoxtex dye to oneend of ait dligonU- 

iM'gtt^ ^ridi&tioii or 
cation. 
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t^t^^tQ determine^ 

which is impUr^d -in ~3€$& tfteast t\*-; 



for analysis of htwnan imm^ 
<HiY)riw^ 

ebx* virus tfteaagl^ 

dfiefcie (i^nfidr et al. I993;;pratak et al: 19^3b; 
Wrfado 4t al; 499S). _ ; V > - 

Many Methods have been dies^bed for the 
quantitatiw^ 

.$*bt^ Soulier n tsf75;;$h%>;et> 

al. 198Q; Tboitias 1980). fteceritly, VCR has 
proven to be a powerful tool for quantitative 
huGleic add:;ana1^sis. EGR arid rfeverse transcrip- 
tase (RT)~PCB have permitted tfte ahaiy^5 of 
minirrial start^ of nucjeic acid (as 

tittle as onev£e11^ made pos^ 

sible many :e^per1m been 
performed with tra&tiprtai ■mefehodfe Although 
n ™ \a$ provhteda powerrui<tdoI/ it isimpera iiye 



; FAX (415) ^25,1411. 



rjtaefce*s 1^995). i^ly *ej^c^ of quantita- 

tive PGR an^CB^ 

tar^fet ^ue^ 
#ioj^^ 

tat|e^ aimehti^^t .'at 



^er^ mefhdds 



^asi^fes j^rddtuGt quanti^ the !%pha5e 



1990; ftarig el ail. 1&90). Tfcfc , meehc^ r^uir^s 
that ea^h s^riiiple.Has equal inpwt amounts, of 
acldafid thai; each sample und^ arMysis 

6i :;^^$^v£ ari^^: Jt^he seq^ee %*rv 
;ta^ coristarjif qMah> 

tlj]^ si4^ as: ^^ii) can i>e used for satnple 
.*^i^^k^ efficiejicy rtprrhalizati^^ 
;cbjpv^hii4rtaj method* : ot PCR detW^i^n and 
ig^niftatiqri (gel electrophoresis or pl^fecajptnre 

tiyjbr^ it is extrernely iaboripus toissiire 

thafarH 

of the region (for^lfr <he target |;en^ an4 the 
riorma^ 

tive cOrA^ has been developed 

antf is us^^d^y (fer PC 

relies on th^ infusion of an intem^i G^nfeol 

re- 

^^^bmor^l^4 : irijfer^&l ^i^ri^Utor. 
-A fcnpwh arxiovijht of internal }coijnj0Sifa&ft'te 



-".V s / 



competit<* idiBU, 
:*^^*Iop^ 

«g$g^$g^ to ase: r :^'\f^- 

™^fc"each^ 

my lead; i»^t^t»^..c!Bifcbhit^'^'^ 

sample Aro^bput of U^>^bo^% r ^ hea 
mm> the extspjfon of .<lK.-ii^^jn4^'^b"" 

Vhcs or dtnicai trials). • . 

Hfere We; report the deyeiopme^ of a novel: 
assays .qyafitUafiVe l^ft analysis.^ assay is 
H?2^1 h -" se of nutee assay ifest 

WM$4hef ,rrupJease activity qttaq ^lyhietase to 
clea^avnsfna^adible ^rjdUSaioiiipobe duV- ■ 

probes (tee etal. 1993; Basilar 
*t««,l99Sa,b), One fluorescent &*£*2* 
reBorter IFAM (i.e., 6< a rboxyHuofescein)l*nd its 
emmion spectra is <jBehched by the sWortil fiUo. 
re^hfcdyc, MM (i,e., o-carbo^tetrametbyl. 

fendfeation probe releases the quenching Of ibe 
*AM fluorescent emission, .resulting in arf in- 
crease in peak fluorescent emission 7 at 518vnm 
l he use of a sequence detector (ABI^rismJaiiows 
rneasurernent of ^tluorescefttspe^^f^i^^il^ 
of the thermal cycler cort^niiOusiy during the 
PCR ampliflcatiori. %refore/.<tte ieactrom are 
J^toredjn real ;«me: ^ou3^ difa 4 s de^ 
«#bed. and quantitative am^oKtnpiit^riet 
BNA sequences Is discussed fceiow ^ , ^ 5 
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igWS* eh^.; transfer -Q^^.^&^ 
%r flu^e%^toMloM fe. a^brbei by the 

% PGK cycle, • (he fluorescent hybS 

the wob^ the/reporter dye ert^ 

f^n$fer^d M&fiMf ^M^mc^^T^. . 

'cent; emission: spectra: PCR prim^ha :^obe& 
weie designed, for toe totnanyfaetof V&s^ 

formed. to choose the appropriate probe and 
mag^sium concentrations yielding;, the highest 
intensity of ^porter euo^scent l ^al ^tthout 
sacnficing ■ specificity. The instrutttertt uses a 
cha^eHroupled device iu <t qcb camera) for 

J^^Hyfor 25^ msec ^ith cMinuous^oS 
tOfing^htoughout- the ampHfica^n, fecr'tube 
was reexamined every 8!s sec. Computer soft- 
ware was designed to examinethe fluorescent in- 
: tensity of botti Jhe reporter dye (PftM) and 

(TAMJ^A). The ByOrescent 
•nt^stty of the quencfii ng dye. TAMRA;. changes 
very little over the course of the PGR amdRfi. 

TS^^ ?hbwn) - ^«eWe, the^fhtensity 
o^IA^ dye emission serves as an internal 
standard; with whieh to wormaiize the reporter 

eujates a value fejapeii i$Rri<<Or ARQ); oslng the 

Rn ^«tmterton ^^^^ns^ofifeptoift^emisaortm. 
jnsi^of 'quencher atan^iven MiW' 
tipn. tube, an4; Rn - = emission ihfensit% of re>- 
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plat -$hown;iA^gure lA. Ttt ARn me^ii Value Is 
plotted pa/^c^-ixl$ t a'tid -&ftie^ i^piv^ky 

feaiiy ^ ;^le$ x>f ;the PGfe atapUfeaffon, the &Rn 
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base-line i ^^Wil;<SlWia^:ir^ 
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Figure 1 WCR -prodcrct deteetioiri in real J&jtfc. (i4) IheModel 77&0 software will construct amplification plotSr 



Standard deviation of the fease ; fihik ^"C^ftay b ^a^ :2> dfl^edj^^an cfertdrnie ;. 

I^A sample* am^ 

pofhts- represent the me^iri <tf*$pt\&it ^C^i^^i^al^ ^nd^mr ^rs^re $h0vyi?i-^t ^rtlwayi^bfe^ 



v •. n ."-si' •'. r- 




^flSS^ ^ value 
I«f»Ml Target Sequenefes . 

6on 5 w We .^o^edtja » 1:2 serial, dilu^on of; 

SS^^^ WW W 

XSf^l^^^^P^ *W to 
*e fight (t<*h1gher>thr«ftpld qrcles) as fl,% ; ih0ut 
target q«(antrty is timed. This is rexp^ti;^. 
^use n^om ^ith fewer staw^ 

.molecule fequtre -greater ampim&feto 
degrade enough ptofte <S:a*fci« the threshold 
^ »^^..th|e5hoJrf ofao stem 

Jeter/nine the Cr^lues. Figure IG represent the 
^; values^pttetf-Vefeus: the sample dilution 
■S^^WWpBir m;tripficate 
Pg ani^Ii&^or^and plotted as rr^ah ^lues 

ironvThe G^tues decease u^ea^wlth Jnereas- 
i^ t^et quantity; Thus, Cr values carirbeusftd 
as* quantitative measurement Of the input target 
number. Hjshould ^.ft^^.'iBe-^iiife^-- 
tiomptot ioifthe 15.6-ng. sample sr!oWn in'f igure 
IB does not reflect the same fluorescent rate- of 
mcrease^xhibitedby most pf the other samples. 
P e 15 6 f S ample also .achieves ehdpdjnt pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This pbenom- 
enon has been observed Occasionally with other 
samp es (data not shown) a^ ^ ^trlbut- 
ab e to late <ycJe inhibition; Ws hypothesis Is 

S?Lft r « V '^? UQa - U **%^«Mo note 
that the flattened slope arid early plateau do not 
impact significantly the calculated G T value as 

ST! ^ Al ^ r ^ ate am P , «'?»yons resulted in 
very s.mtlar Cr values-the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a >100.000,fold range ofinputYar- 
get molecules. Using Q values for quantitation 
permits a much larger assay range than directly 
using total-fluorescent emissiorr intensity for 
q^antttatipn, The linear range of fluorescent in- 
tensity measurement of the ABI , Prism 7700: Se- 
quence Detector only spans, three logs, resulting 



Simple Preparation Y^tton 



|^Ay quar^tated^yultl^SS^^ 
DNA. Each I^ ambl ffrsM«r,"w« " 




Hcate sample . show tniriimal virfetten based ^ 

wmik^mttftiK, each :df the tfipiicaie 1>GR 
an^pca^ns; was highly reptt>du^bi e ; 

quantitative PCR analysis, Ccjmpafisbn 4f the 
rr^n ^ values pf the 10 replicate sampleprepa- 
rations aiso showed. minimal vaMabilkyr fedic^t- 



in gene quantity. The highest 



'■'WiS? the - 00 ^ 25 n « sampjes, respec- 
tively Adjtfehally, the ampSficat4nofe7ch 
sample, exhibited ah equivalent rate of fluores- 
cent emission intensity change per amourit of 

■^ttJF"* 35 Mlcated Iljy stmllw 
Slopes derived from the sample dilutions (Fig 2} 
Any sample containing an excess of a PGR inhibi- 
tor-would exhibit a greater measured ^actin C T 
value fer a given quantity of DNA. In addition 
the mhibitor would be diluted along Wth the 
sample- in the_diiution analysis (Fig : 2), altering 
th^expected Gr value change. Each sample am 
piificauon y»elde*a similar result in theianalysis 
demonstrating that this method of sampleiprepa: 
ration, xs highly reproducible with regaTd to 
sample purity. 6 u 

Quahdrative Analysis of a Plasmid After 
Transient Transfection 

293 cells were transiently trdnsfected with a vec- 
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4or containing a partial ct>Nh fox human factor 
VIII, pF8TM. A series of t r^sf^ions was set 
up using a deceasing amouttt of the ^a5iiai^(40i 
4> 0.5; and Q.l jig). Twenty -four htOM post- 
ttansfectipn, total DN A wias purified foom each, 
flask of telfc. p^Actin gene quantity was chosen as 
a value for hprmalizauon of genomic ©lift 0011- 
centration from each sa mple; In fhi^ expert rnertt, 
p-ac^irx gene content should remain r com tan r 
refative to total genomic DN A, Figure 3 ^hbws the 
cesuit of the ^p^jstin 9NA ^Mn0i|i^^.(k^j9 ng 
1 riKf-^ijjjjfi^jp m | nec j by ultravTqlet spectros- 



in triplicate and the rriean p-actizi Cr valtiieS of 
• the itepllicates were plotted ;^rr^%^ j^r^s^rrt 
one itandard deviation), tfiie ihi^Jijeit ^j^i^ce 



between any two sample means was 6:95 Cf, Ttn 
rta^d^Cns of tp^l^ of each sample; were also 
examined for fWactih. The results again 5hpWed 



present; the m^ki^m. mcan^ -^eQn'Cr value 
difference wa^ I j9. A* ftguce 3 shows, the rate of 
ft-actfnvbr change ; : b*fwi^n the 100- and 10-^g 



3i5j6 and - 3 .45): This ydrrf ies agaih that the 
method of .sample preparation ^elds'^fd^l^s'pf 
• t^enti^al; ^^iS;t^yity no sample cphtained 
an excessive arnbunt oh a PCK irihlbttor). How- 
ever; the^e results indica te that eac)i sample con- 
^Fn^t sV^it diefeT^nces in tfie.a<nuaTainoiintof 
genomic ;DrtAa^ 

genomie VHK cpn^htratign wai aGCQM#$h'ed, 
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tijWE ^ 



4bu&4 in^tfi. of WW^Mk^ v . 
ter^ined; by: eat^p^tjip to 
standaf d curve-in fleuie *te .tike* * 





le: a}:e cpifiirte^^ 



^ p>«ing the mesnvMctin Q value obtained 
fo^eadi400-n| sample on afUetin standard 

copy). Eaeh sample .was analyzed in triplicate 
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P * 1 « <•< 1^ t8 2' 2 2 
•09{ngif»pWDN'A) 

figures Analysis ^teans^^e4IONAHuamitv 

cdltransfettwn$.X40 ( ^0;S; a ^ 
. JJg ?0?^^ t h^-actih^e, rod and^ng 

sample *yefe ^llffed in WplfeateV For each 



TO^%actoai^^ 
w mgmmc DNft-ty usirtg the^yaionl • / 

f . . >x,lQ0,ng ^al^»^pl^ r ; • ■ 
a lOOngotg^oralie-pM 

^l^f^W^ jWmxi a saihpl^ and 
f» = pF8TM x^'pteS from toe standard ctii*e»The 
notrq^lized xijxantity of pF$^.p« r lotf ^.^ 
norhie DNA for each of the four transfeetionlis ' 

. ,of factor Wt.piasmi4 abated- tvito 

the^3. cells; 24 hr after transfectfenv^fecrea^ 
. d^ea^g plasmid conceri^Uott. tis^ i n 
»e4r^f^foii:'-the qj,an«k of .4^^: aisotfe- 

This- results in -S2d,pjasmid qopieVper cell: ' ' 

: DISGUSiSlON 

Wv have described a new method for quaniitat- 
S 8 «,^, ne - PI hQmbers U5ifi g. realtime analysis 
ible. With either o( the r*vo PO( (fe^GR} ^. • 

internal competitof for each target 1 sequent is 
vsed for. nortflajization (data not shown) or m 
quantitative comparative t^CB using a normahza^ 
• ttongenecootairt^withirtthesamrile^ 
■m ox a "ho.usek<cpingV gene ;f©f RT-PCR If 
eqyaf amounts of nucleic acid are analyzed for 
each sample and it the amplification efficiency 
before qpanpatiye *ria1ysis ^ is identical fof each 
sample, thte internal contror(normalizatjOn gene 
or competitor) should give equal signals for -ail 
samples.. 

The reairtime PCfi ^ method dffeb severaiiad- 

tates: OVe* tkk nih*r -..l.'.j t. . . 



v«ntages_&^ the oihier, two methods^rcentry 
concentration. VM»-w*.i*r«, Htte PpR^e^iod |$ performed M ?$f&&SM&t 
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pnpspnorywupn and X indicate* a Ifriker arm 

:^mm^9M mm #mefl itta* were feted & fer^m 
•$rn*r) to prevent light from ^ftectiHg: tute^s ^efe 

ve^HjgHt $catteringi AH of tI^e^lte%^^a^^ sup- 

the; factor V III prfrher*. : W^hVifr«iyHfhe¥^j|t^^ 
tech; Jnc (So^frSa^ 

in the Model ^^^hce^i^gt^^rn^ 
™r>jjal. Briefly, probejt^ JhftM 1* at lea^S^ higher 
tf*art the »ndic#)nj:tempe*a^* ^^^a{.:th«f«0-^ 

r^ 1 ^* ifr^ffttal c^«rig;0ndideins iriclodeix^ m«i .at. 



eccke ? Afid«;Si: a^J,<>uantiut|yeevaiua:tipnof 
mjlHA levels; We^. ^/^/fl/ 0 r/ 2: ie 9^20 | ? 

Clemc mi; :Mv5< Memo; £ BagnarelU, A. Margin:. A 

lac«*sed vfrai btiro^n and c^athJcity cb^late 
type Molested liMiv^aal^ t,^i;^^^7^j 
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XuAMjr^ 1-9, DNA ingrain '^feffigpC .rf^'i&f^^pi^^iNae^ 



' wltN&^ to : " ,ffmV * ^^^ ^^^^^^ 
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G^nnanu-CM^: IkR^Gfev-and JHipG^y t£90. ; 
Transient production of proteins uslngVariu aderio^ifcis 
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ABSTRACT Wnt femily members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and * 
sporadic colon carcinomas;, Here we report the Identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1, These Included (0 C57MG cells infected with a Wnt-1 
retroviral vector or expressing AVnt-1 under the control of a 
tetracyiine repressibie promoter, and (u).Wnt»l transgenic 
, mice* The WISP-1 gene was localized to human chromosome 
8q24*I-8q24.3. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with . patient-matched normal mucosa. WISP*3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fptd) in 63% of the colon tumors analyzed. 
In contrast, W1SP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified; but RNA expression was 
reduced (2- to > 30- fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of expression in colon 
cancer may play a role in colon tumorigenesis. . 

Wnt-1 is a member of an expanding family, of cysteine^rich; 

. glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation 

, adhesion, celt polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertions! mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3; 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the sfcven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsn) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally coiistitutivery active glycogen 
synthase kinase-30 (GSK-3/3) resulting in an increase in 
P-catenin levels. Stabilized /5-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements, to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous. polyposis-coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
£-catenin levels (?), APC is phosphorylated by GSK-30, binds 
to 0-catenin, and' facilitates its degradation* Mutations hi 
either APC or j^catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). • 

Although much, has been learned about the Wnt signaling 
pathway over the past several years, only a few of the^ tran- 
scriptionally activated , downstream components activated by 
Wnt have been characterized; Those that have been described, 
cannot account for all of the diverse functions attributed , to 
Wnt signaling. Among the candidate Wnt target genes are 
mose encoding the nodal-related 3 gene ?< X)ir3, a member of 
the transforming growth factor (TGF)-0 superfanrily,and the 
homeohpx genes, engraUed,gOQsecoid> twin (Xtwn) y andsiamois 
(2). A rdcent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10); 

. To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
typev we used a PCR-baised cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using UNA 
isolated from C57MG. mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-L m this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated: 
and refraetile cells, that lose contact inhibition and form a 
riiultilayered array {12, 13): We reasoned, that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype: 

In this paper, we describe the. cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WZSP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth' factors, which 
includes connective tissue growth factor (CTGF), Cyrol, and 
nov t a family not previously linked to Wnt signaling. . 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit ()CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor, CTGF, connective 
tissue growth factor,. SSH, suppression subtractive hybridization; 
* VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Gcnbank database (accession nos. AF100777. 
AF100778, AF100779, AF100780, and AF1O0781). 
1To whom reprint requests should be addressed, e-mail: diane@gene. 
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cDNA was synthesized from 2 jig of pol^A)* RNA isolated . 
from the C57MG/Wht-i cell line and driver cDNA from 2 ug 
of pory(A)* RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for ' 
further analysis. 

cDNA Library Screening, Clones encoding full-length 
mouse WISP-1. were isolated by screening a Agtlf> mouse 
embryo cDNA library (CLONTECH) with a 70rbp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length numan WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Qones en-r 
coding full-length mouse and human HtfSF-2.were isolated by 
screenings C57MG/Wnt-1 or human fetal lurig cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from, human . 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 30Q 'jiM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles, 
WISP and glyceraldehyde-3-phosphate .dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P4abeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 ox a 
294-bp PCR product corresponding to .nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing, colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10. 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-COl (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation fluorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsQ cushions or prepared by using RNAzoL 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines,. colorectal rumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<a«) wneTC ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The WISP-sptdfic signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse-mamrnary epithelial cell line C57MG and.C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced.. Thirty-nine 
percent of the sequences matched known genes or homo 
logues, 32%. matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse txanscription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line/but 
not m the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. I A and B). Wnt-4* unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on >catenin levels (13> 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express 
ing the Wnt-1. gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR; Strong induction of Wht-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
. mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction-is correlated with Wnt-1 expression. Because 
the induction is slow* occurring after approximately 48 hr, the 
induction of WISPs. may be. an indirect response to Writ-1 
signaling. 

cDNA clones of human WlSP-l Were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ~40,000 (M T 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites, 
and are 84% identical (Fig. 24).. 

Full-length cDN A clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of ~27,000 (Af r 27 R) (Fig! IB). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation siteSj and mouse WISP-2 has one at 
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Fig. 1. WISP-1 and WISP-2 are induced by WnM, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 i/i) and 
WISP4 (By expression, in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 ^g) was subjected to Northern blot 
analysis and hybridized with, a 70-bp mouse WISP-1- specific probe 
(amino acids 278-300) or a 190-bp W75P-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. , Encoded amino acid sequence alignment of mouse and 
human WISP-1 (4) and mouse and human WISP-2 -(B) - The potential 
signal sequence, insulin-like growth factor-binding protein (1GF-BP), 
VWQ thrombospondin (TSP), and C-terminar (CT) domains are 
underlined. . " 

position 197! WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines fouiid in WISP-1.. 

Identification of WISP-3. To search for related proteins, we : 
screened expressed, sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous, 
protein that we have, called . W1SP-3. A full-length human 
W1SP-3 cDNA of 1371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glyeosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 14). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1 f WISP-2, and WISP-3 are novel sequences; ... 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elm! is expressed in low, but not high^ metastatic 
mouse melanoma cells, and Suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61 t and the ptotoonco- 
gehe nov. CTGF is a chemotactic and. mitogenic factor for 
fibroblasts that is implicated in wound healing and Cbrotic 
disorden and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion* 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, .similarity to Wnt-1. AH are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3fl) (21). The N-tenninal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGO 
QCXC) conserved inmost insulin-like growth factor (IGF)- 
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Fig. 3. {A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-? that are not 
present in WISP-3 are indicated with a dot (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). ^The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) : Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal, tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a .glutamine in the third 
position instead of a ^ycine. CTGF recently has been shown 
to specifically bind IGF (22) and a/truncated nov protein 
lacking the 1GF-BP domain is oncogenic (23). The von Wii- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerizatiort (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously; in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved, in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung.. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

Iri Situ Localization ot WISP-1 and WISP-2. Expression of 
WISP- 1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast, like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
'(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig; 4. {A, C, £, and G) Representative hematoxylin/ eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At tow power (4 and B), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D) t and tumor cells are negative. 
Focal expression of WISP- 1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At ^higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and Hy 
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the predominant cell type expressing WISP-1 was. the stromal 
fibroblasts. . 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined . . 
by radiation hybrid mapping panels. WISP-1 is approximately 
■ 3.48 cR from the meiotic marker AFM259xc5 (logarithm of . 
odds (lod) score .16.31} on chromasome8q24;l to 8q243, in the 
same region as the human locus of thenovH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod « 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- ; 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,1)00). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
AfYB (27, 29). , 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, Crmyc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides m the same 
general chromosomal location (8q24): as c*myc, we asked 
whether it was a target of gene amplification, and, if so; 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. -Most celt lines showed significant (2- to ; 4-fold) 
amplification, with the HT-2° and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifier 
tion observed did not correlate with that observed for c-myc, _ 
indicating that the t-myc gene is.not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The . 
relative WISP gene, copy number in each colon tumor DNA 
. was compared with pooled . normal DNA from 10 donors by : 
quantitative. PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2r to 4-fbld 
for. WISP-2 in 92% of the tumors. (P < 0.001 for each). The 
copy number, for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0*001), .-■*.' 

:The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Ampiification of WISP- 1 genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 pg) 
digested with EcoRl {WJSP-1) otXbal {c-myc) were hybridized wiUi 
a 100-bp human WISP-I probe (amino acids 186-219) or a huqian 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DN A from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7); the level of WISP- 1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold pverexpression. 
In contrast* in 79% (15/1?) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1 , WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon, tumors 
relative to . expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR.. The Dukes stage of the tumor is listed under the 
sample number. The data are means 2: SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged frorrr 
4- to >40-fol& 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal. and tt- 
malignant cells have been used to clone differentially ex- 
pressed genes (31) 4 We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial * cells, transformed by 
Wnt-1. ' - ' . " • 

Three of the genes, isolated, JWSi'-i,, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two. independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-L 
The first was C57MG cells infected with, a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas.nonhal breast tissue does not No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not dear whether the WISPs are directly or indirectly 
induced by the downstream components bf the Wnt-1 signaling 
pathway (Le., P-cateninrTCF-lAjefl). The increased levels of 
WISP RN A were measured in Wnt-l-transformed cells/hours 
or days after WnM transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through 0-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 
. The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nav 9 WISP-1, and WISP-3. 
This domain is thought to be invo Wed in receptor binding and 
dimerizarion. Growth factors, such as TGF-ft platelet-derived 
. growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding,. WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v fc serves as 
an adhesion receptor for Cyr61 (33), 

The strong expression of WISP-I and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair.. It has been proposed 
that mammary tumor cells or inflammatory ceils at the tumor 
interstitial interface secrete TGF- 01, which is the stimulus for 
stromal proliferation (34). TGF-01 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP- 1 and WISP4 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial ceils) in the Wm-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal ceils could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix: have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-i 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model 

An analysis of WISP-I gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RN A was seen in the absence of DNA amplification; 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared, with the expression in normal 
colonic mucosa from the same patient The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A : recent manuscript on rCop-I 9 the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may. be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. • ■ . - 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and 0-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which presumably contributes, to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion arid altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. 
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methods* Peptides AENK or AEQK were dissolved in water, made isotonic with 
MaQ and diluted into RPMI growth medium. T-ceU-proliferatkm assays were 
done essentially as described 20 " 2 '. Briefly, after antigen pulsing (aOjigmT 1 . 
TTCF) with tctrapeptides (l^mgmT 1 ), PBMCs or EBV-B cells were 
washed in PBS .and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1M and the cells were washed five times in RPMI . 
1640 medium containing 1% FCS before co-culture with Trcefl clones in 
round-bottom 96 -well micro titre plates. After 48 h, the cultures were pulsed 
with 1 u-Ci of ^-thymidine and harvested for scintillation counting 16 h later. 
Predlgestion of native TTCF was done by incubating 200 jig TTCF with 0.25 u.g 
pig kidney legumain in 500 ui 50 mM citrate buffer, pH 55, for i h at 37 °C 
GtycopeptJde digestions . The peptides HIDNEEDI, H1DN(N- glucosamine) 
EED1 and. H1DNESDI, which are based on the TTCF sequence, and 
QQQHU^SNVTDCSGNFCLFR(KiaQ, which is based on human transferrin, 
were obtained by custom synthesis* The three. C-terminal lysine residues were . 
added to the natural sequence to aid solubility. The transferrin glycopeptide. 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy-methylated human transferrin followed by 
concanavalin A chromatography 1 1 ..Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 55, 10 mM 
dithiothrdtol, 20% methanol Digestions were performed for 3 h at 30 °C with 
5-50 mUmT 1 pig kidney legumain or B-cdl AEP. Products were analysed by 
HPLC or MALDI-TQF mass spectrometry using a matrix of lO.mgmT 1 a- 
cyanocinnaraic add in 50% acetonitrile/0.1% TFA and a PferSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoadc soiling of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL aiad inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus; certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. ^ : 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related BSTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfomily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this ci)NA decoy receptor 3 (PcR3). The cDNA 
encodes a 300- amino- acid polypeptide that resembles members of 
the TNFR family (Fig. la): the ammo-tennihus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs) . Like oneother TNFR homologue, osteoprotegerin (OPG)*, 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted; rather than a membrane -asscocia ted, 
molecule. We expressed, a recombinant, histidine-tagged form of 
pcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, arid migrated on polyacrylarnide gels as a protein of 
relative molecular mass 35,000 (data not shown). PcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung: In addition, we observed relatively high DcR3 rnRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
farnily ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL w , ApoSL/TWEAK 1,9 ,. or OPGL/TRANGE/ 
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EANKL 10 " 42 (data not shown). DcR3-Fc immunoprecipitated'shed 
PasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
hsL (Figv 2c)i as did the Fc-tagged ectodomain of Fas but not 
TNFRl.<kl-fiItrauon chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
aaatysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
Ll± 0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
Mock nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas.(Fig. 3a). DcR3- 
Fc and Fas-Fc . blocked soluble-FasL-induced apoptosis in a 
amilar dose-dependent manner, with half-maximal inhibition at 
MM u*g mT\ Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3r-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results", activation 
of mterleukm-2-stimulate4 CD4-positive T cells with anti-CD3 
antibody increased the level jof apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent Thus* DcR3 binding' 
blocks apoptosis induction by FasL. ^ 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes 1 ' 14 - 16 . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of .target cells from ~65% to 
-30%, with half-maximal inhibition at ~1 ftgmT 1 ; the residual 
killing was probably mediated by the perfoi^gnuizynie pathway: 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL. activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
'FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the tact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesiSi we 
investigated whether -the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
amlno-acid sequences of DcR3 and of osteoprotegerin(OPG): the C-terminal 101 
residues of OPG sre not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the AMinked glycosyiation site (asterisk) are 
shown, b, Expression of DcR3 mRNA. Northern hybridization analysis was done . 
using the 0cR3 cONA as a probe and blots of poMA)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBU peripheral blood 
lymphocyte. 



Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid fine> shaded area), TNFR1 -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dptted lines overlap), andanaiysed for binding by 
FACS; Statistical analysis showed a Significant difference (P < 0.001 ) between the 
binding of DcR3rFc to cells transfected with FasL or pRKS; PE, phycoerythruv 
labelled celts, b, 293 cells were transfectedas-in a and metabolically labelled, and 
cell supematants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas, 
c. Purified soluble FasL (sFasL) was immunoprecipitated With TNFR1 -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
. loaded directly for comparison in the right-hand lane, d, flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer 8nd resolved by get filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to s^asL-Rag; 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag: 
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reaction (PCR)" in genomic ONA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
Teukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b): To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections: by in situ hybridization; We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cefl carcinoma of the lung is shown in 
Fig. 4c DcR3.mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression* Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
rnRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
. DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 




Time(h) Inhibitor (ug mh 1 ) 



- figure 3 Inhibition of FasL activity by DcR3. a^Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasU 5ngmr') oligomerized 
with anti-flag antibody (6.1 i^gmt 1 ) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl and. assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells wereincubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of 1 u.g ml"* DcR3-Fc (Hlled circles). Fas-Fc (open circles) or 
human IgGl (triangles), and. apoptosis was determined at the indicated time 
points, c, Peripheral blood T ceils were stimulated with PHA 8nd interteukin-2. . 
followed by control (white bars) or enti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fa or OcR3-Fc (10 »tg ml- 1 ). 
After .16 h, apoptosis of CD4* cells was determined (mean s s.e.m. of results from 
five donors), d; Peripheral blood natural killer cells were incubated with. 6, Cr- 

. labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 6, Cr (mean ± s.d. for two donors, each in triplicate). 



we mapped the human DcR3 gene by radiation-hybrid analysis- 
DcR3 showed linkage to marker AfM218xe7 (T160), which maps to 
chromosome . position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic done that 
carries DcR3, and sequenced the ends of the clone's insert We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic, markers that span chromosome 20 (Fig. 4d). The 
DcR3^1inked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with, the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG* 1 *. 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFUP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 



a b d 




Rgure 4 Genomic amplification of OcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c. cU g. h. J, k, rj, seven squamous-cell carcinomas (a, e. 
m. ri, o. p. q). one non-small-cell carcinoma (b). one smallrcell carcinoma (I), and 
one bronchial adenocarcinoma (l)i.The data are means ± s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means.± s.e.m. of five experiments done in duplicate: c. In situ hybridization 
analysis of DcR3 mRNA expression In a squamous-cell carcinoma of the liing. A 
representative brtght^field image (left* and the corresporidihg.dark^ld .lmage 
(right) show 0cR3 mRNA oyer infiltrating malignant- epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel(V) end necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse end' forward. Rev and >wd). the 
DcR3-linked marker T160, and. other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.0.1 for a Students Mest 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism, of 
cttraceflular regulation of FasL activity. A decoy receptor that 

modulates the .function of the cytokine interleukin-1 has been 
described? 1 . In addition, two decoy receptors that belong to the 
THFR femily, Dcftl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L a . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
0PG s , which shares, greater sequence homology with DeR3 (31%) 
than do DcRl (17%) or DcR2 (i9%)i GPG functions as a third 

: decoy for Apo2L 19 . Thus* DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TOT-family ligands, 
hereby modulating the antiviral immune response 1 . Our results/ 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 

.Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Ufeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
-1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the. expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive done 
(DftA30942) ^identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial done (data not shown). *' ■\ 

Fo-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomainof FasorTNFRl, was fused to mehingeand Fc region of human 
IgGl, expressed in insectSF9 cells or in human" 293 cells, and purified as 

■ described 15 . ■/ . , *■ 3 ; 

Ruorescence-activated celi sorting (FACS) analysis. We transfected 293 
cells using caldum phosphate or Effectene (Qiagen) . with pRK5 vector or pRK5 
encoding, full-length human FasL* (2 (ig), together with pRK5 encoding CrmA 
(2|*g) to prevent cell death. After 16h, the cdls were incubated with 
bioturylated DcR3-,Fc or TNRU-Fc and then with phycoerythrin-ennjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were anarysed by 
Kolmogorov-5rnimoy statistical analysis. There was some detectable staining 
of vectorrtaa^ected cells by DcR3-Fq as these cells express little FasL (data 
not sIiowrij.Yit is possible that DcR3 recognized some other fector that , is 
expressed constitutively on 293* cells. 

tmmunoproclpitation. Human 293 cells were transfected as above,, and 
metabolicalryr laodled with [^Slcysteine and f 3 ^) methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-tmk (10uJ4), 
the medium was immunopredpitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5>ig), followed by protein A-Sepharose (Repligen). The predpitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BA52000). 
Alternatively, purified. Flag-togged soluble FasL (1 u$) (Alexis) was incubated 
with each Fc-fusion protein (1 ^g); predpitated with protdn A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anttV 
FasL antibody (Oncogene Research).. 

Analysis of complex formation. Flag-tagged soluble FasL (25jtg) was 
incubated with buffer or with t>cR3-Fc (40 u-g) for L5h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharrruda) and developed 
with PBS; 0.6-ml tractions were collected. The presence of DcR3-Fc-PasL 
complex in each fraction was analysed by placing 100 uJ aliquots into micro titre 
wells precoated with anti-human IgG (Boehringer); to capture DcR3r-Fc, 
followed by detection with biounylated anti-Flag antibody Bio M2 (Kodak) and 
streptovidin^horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent rdative%molecular mass of the complex of 420K (dato not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSAin PBS: DcK3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL Bound Iigand was detected with anti^ 
Flag antibody as above. In the competition assay. Fas- Fc was immobilized as 
above, and the weBs were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc 

Tcsll AlCO. CD3 + lymphocytes were isolated from peripheral blood of 
individual donors using anti^D3 magnetic beads (Mfltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 jigmT '> for 24 h, and cultured 
in the presence of Interleukin-2 ( 100 U mT 1 ) for 5 days! The cells were plated in 
wells coated wimanti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin- V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16h with 5 *Cr-loaded Jurkat cells at an effector 
to-target ratio of 1:1. in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of s, Cr in effector-target co- 
ciutures relative to release of 5l Cr by detergent lysis of equal numbers of Jurkat 
. cells. . . . 

Gene-am plffication analysis. Surgical specimens were provided by J: Kern 
(lung tumours) and P. Quirke (colon tumours), Genomic DNA was extracted 
(Qiagen) and the concentration, was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitauvcJ^CR'* 
using aTaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for theMyc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fiuorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
oh Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 {likelihood score = 5.4), SHGC-36268 (T159), the. nearest 
available marker which maps to -500 kilobases from Tl 60, and five extra 
markers that span chromosome 20. The DcR3-sperific primer sequences were 
5'-CITCTrCGCGeACGCTG.3' and5'-ATCACGCCGGO\CCAG-3' and the 
fluorogemc probe sequence was 5 • -(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-CTAMARA), where FAM. is. 5 '-fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 (Acn , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared , to test DNA. 
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Crystal structure of the 
ATP-binding subunit 
of an ABC transporter 
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ABC transporters (also known as traffic ATPases) form a large 
tamily of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eiikaryotes 1 . The recently completed Escherichia coU genome 
sequence revealed mat the largest family of paralogous E ^coli 
proteins is composed of ABC transporters 3 . Many 'eiikaryotic 
proteins of medical significance belong to thMamily/ such as 
the cystic fibrosis transmembrane conductanceregulatpr (CFTR), 
the P-g|ycoprbtein (or multidrag-resistance .protein) and the 
heteronUmeric transporter assodated^mth antigen processing 
(Tapl-Tap2). Here we report the cryst^stnicture at 1.5 A resolu- 
tion of HisP, the Ambmding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical; genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nudeo- 
qdeTbindrag ^domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 
upTokaryotes these domains are often separate subunits. which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of 5. typhimurium and E. colit is a 
well-chai^cterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2> 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, . the ATP-binding subunit HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible fronvboth sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement fot both subunits to be present for 
: activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 : HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 4 , 

The overall shape of the crystal structure of the HisP. monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded 0- 
sheet 03 and P8~p 12) spans both arms of the L, with a domain of a 
a- plus 0-type structure (01, 02, 04-07, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-ra9) on the 



a 



ARM II 




ARM I 




.Figure 1 Crystal structure of HlsR a. View of the dimer-. along en axis 
perpendicular.to rts twofold axis. The top and bottom of the dimer are suggested: 
to tape towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent In 
a. The p-strands atthe dimer interface ere labelled. * view of one monomerfrom 
the bottom of arm I, as shown m a, towards arm II, showingthe ATP-binding 
pocket a-c. The protein and the bound ATP are in 'ribbon' and 'baltentetick' 
representations, respectively. Key residues discussed in the text are- Indicated In 
c. These, figures were prepared with MOLSCRIPT 29 . N, amino terminus; C, C 
terminus. " 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative poJymerase-chain-reaction (PGR) method, 
based on fluorescent TaqMan methodology, and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification In tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR. 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently; amplified genes (myc, ccndl and 
erb62) in breast tumors. Extra copies of myc, ccnd7 and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6; 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable/and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
G J998 Wiley-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective, 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors: Other techniques such as comparative genomic, hybridiza- 
tion (CGH) (Kallioniemi etal. 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include mvc (8q24), 
ccnd\ (Hql3), anderoB2 0 7qt 2-q21) (for review, see Bieche and 
Lidereau, 1995)V 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et al,. 1992; 
Schuuring et al. t 1992; Slamon et al, 1987). Muss et al (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic, heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch, techniques require large amounts of DNA (5-rlO 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures tq^ 
generate blots of sufficient quality for reliable dosage analysis! 
Recently, PCR has proven to be a powerful tool for quantitative 
DNAanalysis, especially with minimal starting quantines of tumor 
samples (small, early-stage tumors and formalin-fixed, parafrtn- 
embedded tissues): 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
-exponential phase (kinetic quantitative PCR); In the first case, an 
internal standard distinct from the target molecule is required, to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied Nevertheless, it is the most frequently applied, 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
• instrument (ABI Prism770Q Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et al, 1996; Heid et 
al t 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et al (1991): The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fiuorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fiuorogenic hybridization probes (Lee 
et al, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e. t 6-can>oxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3 r nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (Le.. ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification; 
. The real-time PCR method offers several: advantages over other 
current quantitative PCR methods. (Celi eir al, 1994): (i) the 
probe-based homogeneous . assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (U) the.Q (threshold cycle) value used for quantification is 
measured when PCR: amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more .. 
reliable measure of the starting copy number than are end-point 
measurements,. in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of Q 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contarnination; (y) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 m\ 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erb&2\ as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
lumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Renefluguenin; none of the 
patients had undergone radiotherapy or chemotherapy, immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60%. of tumor cells (histological 
analysis); A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter Q (threshold cycle) is 
defined as the fractional cycle, number at which the fluorescence 
generated by cleavage of the probe: passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (Le., lack 



of extensive degradation) are bom difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qII-ql3, in which no genetic alterations have been found iir 
breast-tumor DNAby means of CGH.(Kallioniemi et aL. .1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

v , copy number of target gene (app, myc, ccndl, erbB2) 
N = — — — — • — 

copy number of reference gene («/£) . . 

Primers, probes, reference human genomic DNA and PCR. 
consumables. Primers and probes were chosen with the. assistance 
of the computer programs Oligo 4,0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer . 
Express (P erkin-Elmer Applied Biosystems^ Foster City, CA), 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems; 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available- on request 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkm-Elmer Applied Biosystems!. 

Standard-curve construction: The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et at (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
emidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10-fold in mouse genomic PN A (Clontech, Palo Alto, CA> 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (id 5 copies of each gene) to 
10^ 10 (10 2 copies). This series of diluted PCR products Was 
aliquoted and stored at -80°C until use. ; 

The standard curve was validated by analyzing. 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng): 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dTJTP, 5 mM MgCl^ 1 .25 units of AmpliTaq Gold, 03 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for I min. Each assay included: a standard 
curve (from 10 5 to tO 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-weil microplate). All 
samples with a coefficient of variation (CV) higher than i 0% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler arid, a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupledrdevice (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates Q and determines the starting copy number in the 
samples. 



GENE AMPLIFICATION BY REAL-TIME PCR 



Determination' of gene amplification. Gene amplification was 
calculated as/described above. Only samples with an N value 
higher than 2 were considered to be amplified. : 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients? 
The target genes were the myc, ccndl and erbhl proto-oncogenes, 
and the P-amyioid precursor protein gene (app), which maps to a 
chromosome region (21 q2 1.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et al. 9 1994), The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3): 
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Validation of the standard curve and dynamic range 
of real-time PCR .. 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/uL It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes, do not amplify genomic mouse DNA (data not- 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders - of 
magnitude), with samples containing as few as X& copies or as 
many as 10 s copies. 

Copy-number ratio of the 2 reference genes Yapp andzlb) 

The app to alb copy-number ratio was determined in 18 normal 
leukocyte DNA -samples and all 108 primary breast-tumor DNA 
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samples. We selected these 2 genes because they are located m 2 
chromosome regions (app, 2lqZlv2; alb. 4q4lrql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai. 1 994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean i.02 ± 021), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
: subjects DNA would have resulted in differentia! amplification. 

xnyc, ccnd 1 andetbBJ gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 13 
(mean 0.84 ± 0.22) for mvc, 0:7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and0.6 to U (mean 0.91 ± 6.t9) for er&B2. SinceN values 
for myc; ccnd J and erbB2 in normal leukocyte DNA consistently 
fell between 0.5: and 1.6, values of 2 or more were considered to. 
represent gene amplification in tumor DNA; : 

myc, ccndl and erb£2 gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I; Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of eroB2 (15%, 
167108) and myc (10%, 11/108), and ranged from 2 to 18:6 for 
ccndl , 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145); 6-fold (T133) and non-amplified (T118). 
Jhe 3 genes were never found tobe co-amplified in the same tumor. 
erbB2 and ccndl were co-amplified in only 3. cases, myc md ccndl 
in 2 cases and myc and er6B2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbB2 copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbB2). No such decrease in copy 
number was observed with the other 2proto-oncogenes. 

- Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis . 

Southernrblot analysis of myc, ccndl and erbB2 amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc. 6 ccndl and 4 %erfcB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple; standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
couti AND erbB2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification, level (N) 




<0.5 


0;5-L9 2^4.9 


as 


myc 

tcndi 

erbh2 


0 
0 

5(4.6%) 


97(89.8%) 11(10.2%) 
83(76.9%) .17(15.7%) 
87(80.6%) 8(7.4%) 


0 

8(7.4%) 
8(7.4%) 



reagents and requires- relatively large amounts of high-quality 
genomic DNA, which means it cannot be Used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small ear!y*tage tumors, cytopuncture 
specimens or forrnaluvfixed; parafrlh-embedded.tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages 6ver other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai. 1994). First, the real-time. 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in: subsequent experiments can also be 
prevented! by using the enzyme uracil N-glycbsylase . (UNG) 
(Longo et ai. 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the . number of 
copies of a target gene in more Jthan 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
teal-time PCR makes, DNA quantification much more precise, and 
reproducible, since it is based on Q values rather than end-point 
measurement of the amount of accumulated PCR product Indeed, 
the ABI Prism 7700 Sequence Detection System enables Q to be 
calculated when PCR amplification is still in the exponential phase 
and when none pf the reaction components is rate-limiting: The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve). are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of theif amplification efficiency is laborious). 
The only potential disavantage of real-time PCR, like all other 
. PCR-based methods- and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al 
.1996; Siamon et al, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene, expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing, to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining; 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-q 13 and 21q21.2 
(which bear alb and. app,. respectively) showed no genetic alters 
atjbns in the breasfccancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et al, 1994). (ii) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bents e/ ai, 1992; BoT%etai, 1992):(in) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and er6B2 amplifica- 
tion, confirming the findings of Borg et ai ( 1 992) and Courjal et at 
(1997). (rV) The maxima of ccndl and er6B2 over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tt 1 8 (E 1 2, C6, black squares), Tl 33 (Gil, B4, red squares) 
and TI45 (A8, C8, blue squares). Given the Q of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only One are shown here, the results are shown in Table n 



30-fold maximum) (Bemse/a7., l992;Borgefa£, 1992; Courjal et 
aL. 1997). (y) The eroB2 copy numbers obtained with real-time 
PGR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An etal t 1995; Deng et al: r l996;Valeron 



et aL, 1996). Our results also correlate well with those recently 
published by Gelmini et aL ( 1997), who used the TaqMan system to 
measure er6B2 amplification, in a small series of breast tumorsr 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENEOOSAGE RESULTS 
FROM 3 BRJEAST TUMORS' 



ccndl 



Tumor 


Copy 
number 


Mean 


. SD 


Copy 
cumber 


Mean. 


SD 


Hccndl/alb 


T118 


4525 






4223 










46<£ 


4603 


77 


. 4365 


.4325 


89 


\fi6 




. 4678 






4387 






T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375' 


6.03 




61821 




10533 








T145 


128563 




3448 


7321. 










125892 


125392 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) •was determined- The level of ccndl gene 
arnplification (Nccndlfalb) is determined by dividing the average ccndl 
copy number value by the average cdb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (yi) We found a high degree of concordance between 
real-time quantitative PGR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(2:5-fo!d). The slightly Signer frequency of gene amplification 
(especially ccndl and erbBl) observed by means of realrtime 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher, sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PGR had additional copies of an 
arm or a whole, chromosome (trisomy, tetrasoray or polysorhy) 
rather than true . gene 1 amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al, 1992: 
Slamone/ al, 1987). 

Finally, this technique can be applied to the detection of gene, 
deletion as welt as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
regipn (T7qH) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker pf pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing, large numbers of 
samples m a short time, it should find a place in routine clinical 
gene dosage. 
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